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wplG.rrAbstract (continued)

waste product was also found to lower the strength parameters of
better quality embankment soils. Broken glass performed as an
aggregate, but crushed under heavy loading, thus producing no
significant gain or loss in shear strength with the typical
embankment soils tested. '

Additional research -encompassing a field study with actual highway
embankments is suggested under Phase II to provide more meaningful
results using split rubber tires in applications similar to
reinforced earth construction.
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NOTATION

- The followihg symbols are used in this report:

.
¢

¢, ¢

LL
PL

PI
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INTRODUCTION

Solid waste poses an increasing threat to the environment. In

the United States about 250 billion pounds of solid waste is
collected annually. This represents about four pounds per capita
per day (l0) or probably closer to 5.5 pounds per capita per day
with the rate of refuse produced increasing faster than the '
population (7). However, these estimates may be somewhat low
because when all sources including commercial waste are considered,
the total per capita waste production is as high as '35 pounds per
capita per day (5).

The most frequently used method of solid waste disposal is burial
in sanitary landfills. However, this disposal method may result
in surface and ground water pollution, if the site is not properly
selected or prepared. ' '

Waste utilization or reclamation can be an effective method of
disposal. This approach becomes increasingly attractive as our
resources become scarcer and our environment more polluted by
discarded waste (8). Bargman (2) reported that the City of

Los Angeles produces about 430,000 tons of salvagable residential’
solid waste material annually which could be recycled. "Increasing
concern about depletion of our natural resources has focused the
country's attention on resource recovery from solid wastes. The
dream of 'gold from garbage' is a strong one" (2).

There are many beneficial uses for discarded solid waste. For
example, ocean biologists are experimenting with the use of
discarded automobile tires as havens for game fish (14).
Powdered tire scraps can also be used to enrich the soil and put
unproductive land into agricultural use when mixed with chemical
salts, fungi or yeasts (15).

The New York State Department of Transportation plans to blend
ground-up rubber automobile tires with hot asphalt and use this
mixture as a crack and joint sealer (9). The California
Department of Transportation is experimenting with a similar
application to solve the problem of reflection cracking in
asphalt concrete overlays.

Discarded automobil®é tires represent about 7 percent of the
country's solid waste output. It is estimated that about 2
billion discarded tires are scattered around the American
landscape and another 200 million are being added each year (9)}.
This waste resource should be utilized, if possible. -

Glass is totally inert, and therefore, non-~biodegradable. It
degrades mechanically similar to natural rock. As an inert
construction material, glass can increase the structural
strength of various road building elements.

www fastio.com
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'inlass'hés‘beeh‘eﬁperiﬁeﬁéed %ith as an aggregate,substitute in

asphalt concrete. Crushed glass has also been used as an
aggregate subbase. On one particular installation, glass con-

sisted of waste material from local glass factories and was

processéd~at a cost equal to that of aggregate (1l).

This type of application could also provide a disposal site for
various other glass refuse such as no-deposit glass bottles and
could offer savings in areas suffering from aggregate shortage.

The objective of the study reported herein was to investigate

the feasibility of including selected types of solid non-
biodegradable waste material into embankment construction for

the purpose of increasing the strength of the soil. This
increase would result from a process of mechanical stabilization
through reinforcement or a change in the physical characteristics
of the soil as in other types of stabilization. This report
describes Phase 1 of this study which consisted of a laboratory
investigation. Phase 2 will consist of a field study.

Waste materials considered generally non-biodegradable in con-
trolled environments, i.e., not capable of being readily
decomposed by biological means especially by bacterial action,
were considered in this investigation. These materials consisted
of chopped automobile tires, broken glass and flattened tin and
aluminum containers. The results of laboratory tests are reported
herein. A practical and economically feasible method of embank-
ment stabilization utilizing these selected waste materials could
permit steepening of embankment side slopes and could result in
significant savings in right-of-way costs. This application could
also provide a disposal site for these materials,

www . fastio.com
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-CONCLUSIONS

1. When chopped rubber automoblle tires are 1ncorporated as
a single waste product in an embankment soil a reduction in
strength may occur with certain soils. This effect can be
offset by mixing this material w1th other waste products.

2. Chopped rubber tire inclusions could improve the strength
properties of moderately plastic clay embankment soils by provid-
ing higher strength and the ability to withstand greater deform-
ation {strain) prior to failure.

3. Tin and alumlnum waste inclusions can provide 51gn1flcant
strength improvement of some embankment soils.

4. In most cases, broken glass will perform as an aggregate
or will crush under heavy loading and provide no significant
gain or loss in embankment soil strength.

5. The combined mixture of equal amounts ¢f broken glass,
chopped rubber tires and tin and aluminum containers provide
an averaging effect in terms of balancihg the detrimental and
beneficial stabilizing aspects of these materials.

6. Waste inclusions provide the maximum stabilizing benefit
when mixed with embankment materials with nonplastic fines and
high angle of internal friction (¢), i.e., in excess of 30

. degrees,

7. There appears to be no direct correlation between the effect
of waste inclusions on so0il strength and the embankment soil's
plasticity index, density, cohesion or angle of internal friction.

8. Highway embankments could serve as disposal sites for such
waste materials as chopped rubber tires, broken glass and tin
and aluminum containers, provided the embankment soils have
properties applicable to this type of stabilization.

www . fastio.com
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' RECOMMENDATION AND IMPLEMENTATION

It is recommended that this project be extended to Phase 2 and
additional research be performed as a field study of various

' waste stabilized trial embankments. This would provide a more

proper and realistic evaluation using a different system of
waste placement.

Equlpment is available commercially to cut automobile tires in

half. These tire halves could be tied end to end and placed

in strlps or tied in a mat at given 1ntervals within an embank-

ment This system may provide reinforcefent similar to the
"reinforced earth" concept and allow steeper embankment construc-
tlon which would result in reduced right-of-way requirements.

Con51derat10n could also be given to the use of waste inclusions

in zoned embankments or possibly in stabilizing berms when the
embankment is constructed on a weak foundation. The stabilizing
berm, consisting of the compacted soil with the waste 1nc1u51ons,
would serve primarily to provide weight for stability in the

outer slopes and also provide a disposal site for non-biodegradable
waste materlals. : _

vy fastio.com
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REVIEW OF LITERATURE

Historically, engineers have long been aware of the stabilizing
effects of including various materials in earth works. The
walls of ancient Roman fortification consisted of alternating
layers of earth and brush wood (l). A precise description of

" this technique is provided in the commentaries of Julius Caesar

(3). "All Gallic walls are commonly of this fashion: straight
beams are laid together upon the ground at equal intervals of
two feet, their inner ends braced together, while along the
outer front, the inner spaces are packed with large blocks of
stone, and the whole is covered with earth. Upon these is 1laid
a second similar row of beams so that while the same interval
is maintained the beams are not contiguous. In this way the
whole wall is built up course by course until the full height
is maintained." The heavy stones were utilized to resist
battering against the outer face. The beams, which were laid
perpendicular to the front face, acted as reinforcing elements.

The first disciplined and, by far, the most extensive and
successful application by this technique was developed by the
French engineer, Henri vidal (16), in the late 1950's. vVidal's
system, known as "reinforced earth", consists of placing steel
reinforcing strips at predetermined intervals within the £ill
mass for the purpose of providing tensile or cohesive strength
in a relatively cohesionless material. '

vVidal developed the idea for reinforced earth about 15 years

ago while visiting a sandy beach on the Mediterranean (4, 6).

He toyed with the sand, arranging it in piles, which quickly
slid down forming cones with an angle of repose that always
remained about the same. He then placed rows of pine needles
between layers of sand and discovered that the angle of repose
tended more toward the vertical. Essentially he reinforced the
sand so that the internal friction between the sand and the pine
needles held the sand in place. This theory was verified in
1965 when he designed and built the first reinforced earth embank-~
ment in France (6).

In the reinforced earth concept, the steel strip reinforcement
resists the forces that develop in the soil mass by means of
transfer through friction between the soil grains and the
reinforcement, If reinforcement is properly designed and placed,
it is possible to avoid shear failure so that the entire mass
behaves like a cohesive solid capable of withstanding both
internal and external forces.

For a soil to be satisfactory for reinforced earth construction,
vidal suggests that it be composed of granular materials having
an angle of internal friction of at least 25 degrees to develop
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adequgté frictional resistance between the soil and the reinforc-
ing material. He also suggests that no more than 15 percent of
the soil should be finer than the No. 200 material (16).

One advantage of "reinforced earth" is that it permits the
construction of an embankment-with vertical side slopes without
exXternal restraint as provided by a retaining wall. Thus, the
facing serves only to prevent local sloughing and erosion. Within
practical limits there is no height limitation except for the
bearing capacity of the foundation materials. Also, its flexi=-
bility permits construction over foundations which would not
normally be suitable for conventional retaining walls. This
technique appears to have excellent potential for replacing
relatively high retaining structures where soil conditions are
suitable.

The first reinforced earth installation in the United States was
placed by the California Division of Highways in 1972 on Route 39

in Los Angeles County. Prior to that time the only installations
were in France, Canada and Africa (4). Various materials other

than steel are also beneficial in providing mechanical stabilization
to embankment construction.

A preliminary laboratory investigation reported by Singh and Lee
{12) demonstrated that significant improvements in engineering
properties of soil can be provided by reinforcing the soil with
strands or meshes of materials such as wood, metal, plastic, or
glass fibers. These reinforcement materials were i-inch long
thin strips approximately 1/16 inch wide, They were mixed
uniformly throughout the soil specimens prior to testing. The
addition of 1.3 percent wood shavings was found to increase the
strength of dry sand in triaxial testing by as much as 1600
percent. Similar results were also obtained with other reinforc-
ing materials.

Unconfined compressive strength tests on compacted silty clay
(LL=38 and PI=21) indicated no significant change in peak strength
with the addition of reinforcing material. In some cases the
reinforcement reduced the strength but provided the ability to
withstand additional deformation prior to failure.

ThisiSdmeWhat confirms the guide criteria suggested by Vidal (16)

which_recommends_the use of soil with an angle of internal friction
of at. least 25 degrees.
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EVALUATION PROCEDURE

This study sought to develop gualitative as well as quantitative
answers to the following questions:

1. Would the inclusion of non-biocdegradable waste result
in a significant improvement in the shear strength
properties of an embankment soil?

2. What general.tY§e of embankment soil is most responsive
- to this type of stabilization?

3. What type of waste is most effective (glass, tin and
aluminum containers or chopped rubber tires)?

4. What pattern of waste inclusion is most effective?

5. What proportion of waste is necessary to have a
significant effect on the shear strength properties
of the embankment s0il?

6. What change in shear strength properties can be attici-
pated by this method of stabilization?

7. What effect will this change in shear strength have on
the side slope requirements of an embankment?

To provide answers to these questions, samples of four broadly
represented embankment soils in California were selected for
laboratory testing. These solils ranged from SM (silty sand) to

CL (gravelly and sandy clay) and consisted of samples of sufficient
quantity recently on hand from other studies or readily obtainable
from field sources.

The material from Source 1 (WF-1) is a brown, slightly plastic,
clayey silt and is classified as ML according to the Uniform Soil
Classification System. This source is located at Discovery Park
at the confluence of the Sacramento and American Rivers in
Sacramento.

Source 2 (WF=2) is a brownish red, nonplastic silty sand classified
as an SM so0il and also identified as Aromas Red sand. 'This
material was sampled from a source near Prunedale, north of Salinas,
California.

Source 3 (WF-3) is a tan, moderately plastic, clayey silt classified

as a CL soil and is identified in this test program as Altamont
Pass #8. This source is located near Altamont, California.
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' source 4 (Wr-4) is a tan, moderately plastic, slightly silty

clay classified as a CL soil. In this study it is identified
as Altamont Pass #6. This source is also located in the
Altamont area west of Tracy, California.

All soil semples were subjected to various index tests: grading,
Atterberg Limits, R-Value and impact compaction.

Gradihg curves for these materiais are presented on Figure i.
Classification and other index test results are shown in Table 1.

Shear strength testing was conducted according to Test Method

No. Calif. 232 titled, "Method of Test for Large Scale Triaxial
Compression of Soils" using the high pressure triaxial chamber of
the Transportation Laboratory of the California Department of
Transportation. Test specimens were 12 inches in diameter by

27 inches high. A strength comparison of the control specimens
is presented on Figure 2. For sample preparation and detailed
test procedure refer to the Appendlx of this report.

Slngle spe01men "hump” testing as described by Smith and Kleiman
(13) in 1970 was utilized to develop Mohr strength envelopes for
these materials. This single specimen multiple procedure

minimizes labor costs and eliminates individual specimen variation.
Reference 13 presents justification for single specimen multiple
triaxial tests. A comparison of the test results produced by

this procedure with that produced by conventional multiple specimen
triaxial tests is presented on Figures 3a and 3b for the Discovery
Park (WF-1) soil.

Unconsolldated—Undralned (UU) shear tests were performed on all
specimens compacted to 90% of a laboratory standard impact
density at optimum moisture content prepared according to Test
Method No. Calif. 216. Compaction curves for the four soil
sources are presented on Figures 4a to 4d. Maximum density and
optimum moisture content results are presented on Table 1.

High embankment conditions were selected to evaluate the stabili-
zing effects of non-biodegradable waste inclusions in order that
the resulting benefication or weakening would not be masked out
by experlmental error, To represent embankment soils under these
conditions in the laboratory, initial confining pressures of 100,
200, and 400 psi (7.2, 14.4 and 28.8 TSF) were selected.

The procedure consisted of applying and malntalnlng the initial
confining pressure (100 psi) and then increasing the vertical
deviator stress until the specimen reached 6 percent axial strain.
The vertical deviator stress was then reduced to zero and the
specimen was allowed to rebound. The next increment of confining
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pressure {200 psi total) was then applied, i.e., the specimen
was "bumped" to the next load increment up to 12 percent axial
strain. - This process was repeated at 12 percent strain (400 psi
confining pressure} and then loaded wvertically to failure.

The initial series of triaxial shear strength tests were scheduled
for the soil which, according to French experience, would provide
the greatest response to stabilization through reinforcement, i.e..
the soil with the higher angle of internal friction. However,
some variation from this scheduling was hecessary due to the
availability of materials at the start of the testing period.
Therefore, the locallyravailable Discovery Park soil (WF-1) was
initially utilized for the test program. This soil is somewhat

of a midrange material in terms of internal angle of friction

(24 degrees) and therefore borderline in response to stabilization
according to the French criteria., Triaxial tests were conducted
to determine the:

1. Shear strength of the untreated {unreinforced) soil.

2. Shear strength of soil specimens treated with layered
- placement of tin and aluminum containers, broken
glass, chopped rubber automobile tire particle
inclusions and a mix of these items.

A layered system of waste placement was selected because better
field control could be achieved for this type of embankment
construction than for random placement of waste and soil.

Soil specimens l2-inches in diameter and 27-inches high were
fabricated with waste inclusions placed in 1 to 4 layers within
the specimens, This simulated layers of soil placed in the field
in 7-8 inch lifts and waste material end dumped in 2-inch + lavers.
Thicker waste layers were avoided due to the difficulty in filling
voids between the waste particles with soil. Consideration was
also given to resilience and compressibility in establishing a
unit layer thickness for the waste inclusions.

Figure 5 presents a typical soil specimen with the location of
2 layers of waste material.

Optimum percentages of waste and the optimum lavering systems
were selected for the other three embankment soils, hased upon
the results of this initial test series. However, additional
tests with different waste inclusion patterns were also performed
to provide more information.

Chopped rubber from automobile tires was donated by Tires
Destructible, Incorporated located in Alviso, California. This
sample was graded in the laboratory to determine the distribution

www . fastio.com
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of the various sizes. Since the maximum aggregate size is 3-inches
for the 12-inch diameter specimen, rubber particle inclusions

were limited to those passing through a ‘3-inch screen. The sample
grading of this material is presented in Table 2.

To minimize soil specimen resilience, a maximum layer thickness
of about 2-inches was used for the rubber inclusions. The total

amount of rubber per specimen was based on a percentage of the

soil Specimen dry weight and varied from 2 to 10.6 percent.

The second waste material used in the investigation consisted of
broken glass containers donated by Glass Container Corporation
located in Antioch, California. This was used in about the same
percentages as the rubber tire particles with a maximum size of
3-inches. 3

The third waste material which was investigated, consisted of tin
and aluminum beverage and food containers which were donated by
the Los Angeles By-Products Company of Sacramento.

In preparing this material for use, it was first flattened and
passed through a 3~inch screen opening. This material was then
placed in a layering system consisting of two to four layers of
flattened tin and aluminum per unit layer within the soil specimen.
This waste was used in percentages similar to that of the other
waste materials,

The waste mix consisted of equal percentages of the above materials.
These were used in an optimum amount and optimum layering as
determined from the initial test series.

t e

*
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DATA COLLECTION AND ANALYSES

The evaluation of the stablllzlng benefit of 1ncorporat1ng waste
inclusions in soil specimens is presented below by soil type
with resulting data and analyses included.

Figures 6, 9, 12 and 15 present the effect of waste type and
percentage of waste inclusions on deviator stress. Here, a

- gain or loss in deviator stress at 6% strain is compared to the
compacted soil without waste inclusions, which was used as the
untreated control specimen. The effect of the layering pattern
of the waste inclusions is also shown.

Figures 7, 10, 13 and 16 show the stress-strain relatlonshlp for
the treated and untreated soil specimens.

Figures 8, 11, 14 and 17 present the effect of waste type on the
shear strength parameters (¢ and c). The strength parameters
are compared graphically on the Mohr diagram and are also shown
in tabular form.

Test Series WF-1

With the exception of the test specimen with 2 layers of flattened
cans, (Figure 6) all other specimens failed to attain a deviator
stress equivalent to the untreated control embankment soil at

6 percent strain.

The chopped rubber tire inclusions produced a significant loss

in deviator stress (24% with 10.6% rubber by weight). There was
less than 4% loss in deviator stress produced by the inclusion of
6.4% flattened cans. However, when a total of 8.7% cans were
included in 4 layers, the loss in deviator stress was reduced to
less than 1%. When broken glass was added at 12% by weight of
dry soil, crushing developed and a minimal effect on deviator
stress was noted at 6 percent strain.

The detrimental effect of the rubber appeared to be offset when

combined in a mix of equal portions of flattened cans and broken
glass. ‘The number of waste layers per specimen had some effect

on this test series but was not considered significant.

Figure 7 indicates an increase in deviator stress for all treated
specimens at strain levels in excess of 18 percent with a very
significant increase noted for specimen (WF-1-11) with flattened
can inclusions. Photo 1 shows this specimen after triaxial testing
with the 3 layers of flattened can exposed.

-11-
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Test Series WF-2

Pigure 9 indicates a significant loss in deviator stress resulting
with chopped rubber tire inclusions at 6 percent strain. The
magnitude of this strength loss was similar to that of the WF-1
soil. However, both the cans and the broken glass inclusions
produced a gain in deviator stress. A maximum gain of over 28%
was produced using 6.3% cans. Again, the loss in deviator stress
due to the rubber was offset by the other waste products for the
specimens with the mixed waste inclusicns. There was no signifi-
cant difference in the effect between a 2- and a 3-layer waste
placement.

A consistent decrease in deviator stress with increasing strain
levels is suggested by Figure 10 for specimen (WF-2-4) with 6.8%
chopped rubber inclusions. Photo 2 shows a cross-—-section of

this specimen after triaxial testing. Figure 10 also suggests a
significant gain in deviator stress for the specimen treated with
6.3% flattened cans. However, a slight loss in deviator stress
was produced with 9.3% glass inclusions (specimen WF-2-10) at
strain levels in excess of 18 percent. Photo 3 shows the typical
grading of the broken glass prior to testing and alsoc the crushed
condition follow1ng triaxial testing of specimen WF-2-10. This
spec1men performed similar to the untreated soil.

Figure‘ll indicates that this embankment soil produced a ¢ angle
of 33 ‘degrees for the untreated control condition. A reduction
in the ¢ parameter resulted from the addition of chopped rubber
and was of similar magnltude to that produced with the WF-1
embankment material. The flattened cans produced up to 8 degrees
increase in ¢ angle. However, the maximum strength was not
defined at 6.3% cans as was the case with the deviator stress
(Figure 9). Photo 4 shows a shear plane that developed during
failure of specimen WF-2-7 with 4,1% flattened can inclusions.
Photo '5 shows the sheared metal cans which were removed from

the fallure plane of this specimen,

Test Serles WE - 3

As 1ndlcated by Flgure 12 all waste inclusions produced a loss

in deviator stress at 6% strain. However, broken glass was not
tested as a single item during this series due to its insignifi-
cant éffect and also due to the possible reoccurrence of membrane
rupture as in series WF—2.

The chopped rubber produced a significant loss in deviator stress
(35% with 6.7% rubber) with no significant difference between
2 and 3 layers of waste as indicated by the projected line through

the. 2- 1ayer specimen on Flgure iz2.

-12-
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Figure 13 suggests that for straln levels 'in excess of 10 percent,
a gain in deviator stress occurs with 6.4% flattened can inclu- ‘
sions (WF-3-2). This gain in deviator stress increased the ¢
angle by 3 dégrees for this material (Figure 14). A 4.5 degree
‘loss in ¢ angle was produced by 6.7% chopped rubber. The mixed

T waste produced a loss of only 1 degree.

Test Seriss WF-4

Figure 15 indicates that rubber inclusions are not as detrimental
to this embankment soil as to.those previously discussed for the
6% strain level. Figure 16 suggests that the maximum deviator
stress actually increased by 13 percent with the addition of 6.7%
rubber.

The effect of broken glass was found to be similar to the rubber
at 6% strain but achieved a higher deviator stress at strain
levels in excess of 12%. The gain in deviator stress with
flattened can waste was not as significant with this embankment
soil. Mixed waste produced a slight gain in deviator stress at
6% strain and the effect was similar to that of rubber at the
higher strain levels.

The control soil produced a ¢ angle of 14 degrees and a cohesion
intercept of 27 psi as indicated by Figure 17 (Envelope ).

Photo 6 shows the failure plane that developed in the untreated
soil specimen. In all cases the strength parameter ¢ was increased
by the addition of waste products, however, the c parameter was
slightly reduced. This slight change in the ¢ parameter is offset
by the increased ¢ angle for normal stresses over 100 psi as
represented by this investigation. Therefore, a stabilizing
benefit would be provided by adding waste inclusions to this soil
for embankments with height in excess of 120 feet.

Summary

No definite correlation could be defined between the relative
effect of waste inclusions and the properties of the embankment
soil. However, the maximum stabilizing benefit was developed
with the nonplastic soil having the highest angle of internal
friction (WF-2 with ¢ = 33°).

Flattened tin and aluminum containers provided the greatest
stabilizing benefit and soil strength improvement of all waste
products tested.

Chopped rubber inclusions were beneficial to the moderately

plastic, silty clay embankment soil (WF-4) with a low angle of
internal friction (14°) and a cohesion intercept of 27 psi.

-13-
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This waste material provided the embankmient soil with higher
strength and the ability to withstand greater deformation prior
to failure. This property was also noted for the slightly
plastic clayey silt embankment soil (WF-1) at the high strain
levels. o ' ' .

Brokehiglass performed as an aggregate, but crushed under
heavy loading, thus developed no significant gain or loss in
shear strength properties for the embankment soils tested.

Triaxial testing appeared to represent the effects of chopped
rubber inclusions on soil strength. However, the evaluation
of whole or half tire units will regquire full-scale field
testing. ' :

In testing the flattened tin and aluminum cans, size effects
may not have been fully accounted for in the laboratory. This
may have some influence on field results.

ClihPD www.fastio.com
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Figure 2

STRENGTH COMPARISON
OF CONTROL SPECIMENS
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Figure 3

COMPARISON OF CONVENTIONAL AND
MULTIPLE STAGE TRIAXIAL TESTS (WF-1)
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Figuré 5

TYPICAL TREATED SOIL SPECIMEN
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Figure ©

EFFECT OF WASTE INCLUSIONS ON
DEVIATOR STRESS AT 6% STRAIN
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Figure 7

STRESS - STRAIN RELATIONSHIP
FOR TREATED AND UNTREATED SOIL
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Fighre 8

. 'EFFECT OF WASTE TYPE
ON STRENGTH PARAMETERS
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Figure 9
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Figure 11
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" Figure12
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EFFECT OF WASTE TYPE
ON STRENGTH PARAMETER

Figure 14

300

200

100

SHEARING STRESS - PS|

T

L
ALTAMONT # 8

T

WF-3

S

3

100 200 00 400 . 500
NORMAL STRESS -PSI
Type Percent Waste Number After Test
. of (% Dry Wt. - of Moisture c a Test
Envelope Waste of Soil) Layers (%) (PSI) (Deg) Number
1 - - - 11.2 5 28.0 WF-3-1
2 Cans 6.4 3 11.8 0 31.0 WF-3-2
3 Rubber 4.6 2 11.0 7 24,0 WF-3-4
. 4 " 6.7 3 11.3 0 23.5 WF-3-3
5 Mixed 10.1 3 ' 11.8 0 27.0 WF-3-5
-29~

ClihPDF - www .fastio.com


http://www.fastio.com/

Figure 15

EFFECT OF WASTE INCLUSIONS ON
DEVIATOR STRESS AT 6% STRAIN
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Figure' 16

STRESS - STRAIN RELATIONSHIP

FOR TREATED AND UNTREATED SOIL

DEVIATOR STRESS-TSF

t

ALTAMONT # 6 SOIL
I |

®~ WF-4-1, Untreatsd
0~ WF-4-3, 6.7% Rubber
&- WF-4-2, 6.3% Cans
0- WF-4-2,10.2% Mixed for comparison
O- WF-4-5, 10.2% Glass PUrposes.

*Plot of 3rd step

—

www . fastio.com
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Figure 17

f " EFEECT OF WASTE TYPE
L ON STRENGTH PARAMETERS
-300 j “ — i T
: ALTAMONT #6 WF-4
200— B “ .".«.--- . —

100}

- SHEARING STRESS - PSI

4L
% 1 | : I I
- to 100 200 300 400 500
NORMAL STRESS -PSI
' Type Percent Waste Number After Test
of (% Dry Wt. of Moisture c 1§ Test
Envelope Waste of Soil) Layers (%) ({PSI) (Deg) Number
ST - - 16.4 27 14.0 wWr-4-1
2 »Cans 6.3 3 l6.4 21 17.0 wWr-4-2
3 . Rubber 6.7 3 16.1 21 16.0 WF-4-3
4 © Mixed 10.2 3 16.4 21 16.0 WF-4-4
5  Glass 10.2 3 16.9 14 18.5 WF-4-5
=32=
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TABLE 2

GRADING OF
RUBBER TIRE SCRAP

Sieve"i;‘ | ' Percent Passing

Sizge ' Total Sample As Used
6" g | 100

3v _ ' 81 100

2 1/2" | S 65 80
2" ” 39 48

I /2" 14 17

i 0 0

-34-
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- 3 5”‘

Photo 1 ~ Specimen WF-1-11
After test with total of
6.4% flattened tin and
aluminum containers in 3
layers. (c =0 & @ = 25°)

Photo 2 -~ Specimen WF~-2-4
After test with total of
6.8% chopped rubber tires
in 3 layers., (c =0 &

g = 30°)
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Photo 3 - Specimen WF-2-10
after test with total of
9.3% broken glass in 3
layers. Note condition of
glass before and after test.
(c=0&g = 31,5°)

Photo 4 - Failure plane
developed during testing
of specimen WF-2~7 with
total of 4.1% flattened
tin and aluminum containers
in 2 layers. (c = 14 psi

& g = 34°)

36~
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Photo 5 - Sheared cans
removed from specimen
WF-2-7 following tri-
axial test,

Photo 6 - Failure plane
developed during testing
of untreated specimen
WF-4=-1 (c = 27 psi &

g = 14°)
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State of California
-Deparhment of Public Warks
Division of Highways

METHOD OF TEST FOR LARGE-SCALE TRIAXIAL COMPRESS!ON OF SOII.S

Scope _

The large-scale triaxial eompression test permits
testing of soils eontaining particle sizes passing the
3-inch screen, and is used to test materials which are
beyond the size limits for the smaller triaxial speei-
men. At least three specimens having similar soil
charaeteristics are tested under different confining
pressures. The plotting of stress-strain curves and con-
struction of a Mohr envelope are performed in’essen-
tially the smmne manner as preseribed for the smaller
triaxisl testing procedure. Bee Test Method No. Calif.
230,

PART 1. PREPARATION OF TEST SPECIMENS

A, Apparatus

The assembled apparatus is shown in Figure No. I.
It is suitable for testing 12-inch diameter by 26.5-inch
high remolded specimens. If the inner liner is used
for soils econtaining jagged particles, the diameter is
reduced to 11.75-inches. The major components are
identified in Pigures I and II.: :

1. Pressure Chamber. The pressure chamber is
used to house the test speciinen under pressure during
the test. The complete chamber assembly eonsists of
the following listed paris: ' : '

2. Base, with supply and pressure sensing hoses
and lines. '

b. Cylinder, with attached valve panel.

¢. Head, with integral hydraulic loading ram
and strain indicator dial. : .

d. Segls and assembly bolts.

e. Specimen membrane and clamps.

f. Specimen loading cap.

g. Solid lugite dises.

h. Porous stones.

1. Connecting lines.

2. Control Console—The console houses a hydraulie
pump for applying test load, an air-operated water
booster pump, and related refrulators, valves and pres-
sure gages for eontrol and indieation of confining and
saturation pressures. Gradnated pressure tanks permit
application of confining and saturation pressures by
house air or nitregen pressure. The water booster
pump proyides an alternate source for confining pres-
sure only. :

3. Auziliory Equipment (Figures IIT and IV)

. Batching Pan
. Specimen Mold Assembly
. Specimen height gage
. Temping hammer
. Seales, bucket and funnel
. Levaling dise
. Sprayer
. “*Torpedo’’ Level
Meter Stick
. Miscellaneous items such as spatula, large
serewdriver, moisture pans, ete.

el M SR TR
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MATERIALS ARD RESEARGH DEPARTMENT

Test Method No. Calif.’ 232-A
ApHl 2, 1973
(8 pages)

B. Proparation of S8pecimen _

1. The normal total sample weight will be approxi-
mately 2000 pounds. Separate the sample into the
sereen sizes shown on Figure V.

2. Establish the maximum dry density by perform-
ing Part II of Test Method No. Calif. 216. Use this
data to determine the specimen dry weight and mois-
ture content.

3. Prepare a Batch Computation Sheet, as shown in
Figure V, to determine the total wet weight of speci-
men to provide desired density,

4. Weigh the required amount of each size material
into the batching pan, and add required amount of
water from sprayer. Add water while mixing material
with a hoe or shovel. Cover the soil with a plastie
gheet, and allow to hydrate overnight.

0. Test Record Forms

1. Use Form HMR T-2144-I, Figure VI, to record
all data 'durin_g ghear testing of specimen.

PART !l. UNCONSOLIDATED-UNDRAINED
- (UU} TEST METHOD

Scope

Test the specimen at the moisture content estab-
lished during the batching operation. No drainage or
consolidation is permitted during axial loading. Pore
pressure is not measured nor considered in computing
soil strength.

A, Assembly of Apparatus and Fabrication
of Specimen

1. Bolid lucite dises are used at specimen ends to
prevent loss of moisture from the specimen during
compression.

2. Brect the membrane, specimen mold and height
gage.

3. Pabrieate the specimen in six equal 1ifts, use
both the 1ift height and the lift weight to control
compaction. Weigh out one-sixth of the total wet Speei-
men weight for the first lift. Pour approximately
half of it into membrane. Stir the soil with a large
serewdriver or similar tool to arrange particle dis-
tribution as evenly as pessible. Tamp with tamping
hammer to desired density using predetermined height
to control density. Searify the surface thoroughly,
and tamp remainder of 1ift to specified height. Deter-
mine lift heights by using a meter stick to measure
from lower edge of the gage bar to top of each Lft.
These predetermined distances are 68.8, 57.6, 464,
35.2, 240 and 12.8 cm respectively, Searify each
tamped surface hefore adding more soil. Tamp the
final lift to within a few millimeters of required
height, then bring to final dimension by use of level-
ling dise. Check with torpedo level. The specimen will
be the correct height when surfaece of levelling dise
is 10.3 em from lower edge of gage bar. Remove level-
ing dise and install lucite dise.
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Test Method No. Calif. 232-A
April2, 1973

FIGURE |
ASSEMBLED 12-INCH TRIAXIAL TEST CHAMBER AND CONTROL CONSOLE

. ~ FIGURE Ii
.. COMPONENT PARTS OF TEST CHAMBER ASSEMBLY

-40—-
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FIGURE - lli
SAMPLE BATCHING COMPONENTS

FIGURE IV
‘- SPECIMEN MOLD AND HEIGHT GAGE
ASSEMBLED ON BASE
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Date

Test By_

Test Method No. Calif 232-A-

MATERIALS AND RESEARCH DEPARTMENT
12" TRIAXIAL COMPRESSION TEST DATA

Chaniber No.

Type of Test coi}. cu 3 UUD
. Target Moiat.

% Compaction

.~ Job ‘Name
Job No.

Sample No. .
© Spetimen No.

. Chamber Press(oc)

.'Back Press

Conf.

Transd. No.

Strain Rate
Actual Moist,

Press 0,

Nominal Ht.

Initial Ht.
Change in Ht.
Initial Diam.

Elev.

. Station No.

April 2, 1973

in/min.

-Depth

Cent.

_ o 1 Top ‘Bot. _ Prawing
% Pial . | Axial Pore | Pore Pore | Chamb. Spec. of
Strain | Readiggf - Load | Press Press Press Vol. Vol.| 8pecimen
Q- D
. 1/4 - 0.067
L 1/2 - 0.133
1 3/4 0.199
1 0,265
,1-1/2 0.398
0.530
j,.2 1/2 0,663
3 [ 0.795
3- 1/? T 0.927
4. 11,060
1 4=-1/2 L.193
6 - 1.590
7. 1.855
N . 2.120
tlQ 2.650
12 3,180
114 3.710
16 4,240
18 | 4.770
2 5,300
] o !
IRemarks:
1
1
HMR T-2144-I 49/71)
FIGURE VI
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Aprit 2, 1973 T

B. Test Procedure o
1. Install specimen loading cap and clamps: As-

setmble pressure chamber and connect hydraulic and
“water hoses- from console. S

2. Bring rair into conitact ‘with ‘loading cap,f and

" record strain indicator dial reading fo nearest 0.001
ineh in “Initial Height’’ block of test form, Back .

ram off three tenths of an inch. _
3. ¥ilt chamber and pressurization tank. Pressurize
to desired donfinihg pressure and allow sgpecinien to

~ compress for five minutes. Start ram and ddjust to

0.133 inch per minute travel. Read ram pressure ab
that rate and record initial pressure as first entry

in Axial Load column at 0% strain oii test sheet. Con-

tinue ram advance ungil contact with specimen, then
stop ram. Reset strain indicator dial to zego: Set
chamber: tdnk -buretté sesle to zero, Tank shbuld be

approximately half-full. Adjust level prior to starting -

loadi test., - . .

‘4. Check chamber pressure, and start ram. Record
ram load at specified intervals of strain, and im-
mediately check and record chamber volume change as
plus or minus quantity. fromi zero. Check strain rate
frequently with:a stop watch; and correct as needed:

- Keep chamber jpressure regulated to proper value,

0. Disassembly =
1. When spgcimen’ has‘been strained th
distance, reverse the ram and fully retrdct on fast

“advance setting, Stop the machine, bleed off residual

hydraulic: pressure, and disconneet hydraulic hoses.
Release chambér pressure, and ‘drain chamber and
pressure tank. Dismantle chamber, - I
9. Rémove all membrane ¢lamps, loading cap and
upper dise. Pad the sharp edge of chamber base to
prevent membrane cuts. Gently tip membrane and
specimen off "base' and lower to floor. Carefully ‘ve-
move material ‘from membrane with the large pointed

rod. This is a dangerous operation and the operaior -

tnitst snsuse proper working clearance for himself,
and adeguate precautions for other personnel in the
area. There is also the risk of puncturing the mem-
brane. o T :

" 8. Select & represéntative sample of ‘approximately
10,000 gramis from the specitien for checking moisture
conitent. Refer to Test Method No, Calif. 226. Record
“after test’’ moisture (AT.MOIST.) on test form.

D. Calenlations and Plotting

1. The test forins for a completed series of tests are
routed to the 'computer for proeessing. Appropriate
graphs and Mohr envelope are plotted from finished
test data. See Pigures VII, VIIT, IX snd Appendix 1
of Test Method No. Calif, 230. -

PART IIl. CONSOLIDATED UNDRAINED TEST
(SATURATED) WITH PORE PRESSURE'
C . MEASUREMENT - (C-U) o

Scope - :

‘For this type test, the specimen js ‘first satilraled,

then consolidated at the desired net confining pres- -
sure During the straining operation, no drainage is

www fastio.com

+"been strained theé required

permitted from the specimen, and measurement is
made of pore water pressure generated within the
specimen.
A. Apparatus ,
1. Use the porous stones at each end of specimen.
2. This type test requires installation of the center
pore pressure probe and connection of water lines to
lotiding cap and chamber base.

3. The pore pressure indicating device is used to
easure pore pressure at either end or center of speci-

‘men.

4, Water for saturation is supplied from the grad-
vated saturation reservoir on left side of control con-
gole, which also receives wafer from the specimen
during consolidation.

B. Test Record Forms

1. Use Form HMR T-2144-1, Figure VI, to record
all data during shear testing of specimen.

2. Use Form HMR T-2145 (See Figure VI of Test
Method No. Calif. 230) fo record saturation and con-
solii_hti‘dn data.

C. Preparation of Specimen

1."See Part 1.

D. Assembly of Appmamé

1. After membrane is erected on base, add approxi-
mately one ineh of water inside membrane. Open
hoth valves at outer end of lower pore pressure and
saturation lines on base. Allow water to flow until
free of bubbles, then close valves, Wet lower porous
stone and insert in membrane, insuring full bottom-
ing -on base. Soak until ready to tamp material into
place. .. o

2. Fmmediately prior to tamping seil inte mem-
bréne, drain water from base until surface of stone
i& free of standing water.

3. Tamp material into blice as described in Part
IT, Section A, until the third 1ift is completed and

" the specimen midpoint at 46.4 em is reached. Scarify

surface thoroughly.

4. Tnsert, conneet and bleed the center pore pres-
sure probe.

5. Tamp in remaining three lifts of specimen, in-
stall upper stone, loading cap and elamps.

6. Conneet flexible lines to loading cap and center
pere pressure probe, Caution: Insure that valve on
center pore pressure sensing line is open, sinee it will
be ingide the assembled chamber.

7. Assemble chamber, and connect outside lines
from panel to base. Conneet and bleed the pore pres-
gure indicator. Insure that valving configuration is
siuch that no water is admitted to the specimen dur-
ing this time.

E. Test Procedure

1. Hstablish ram contact with the specimen, and
resd initisl height oh strain indieator dial gage to

~4 4~
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nearest 0.001 inch. Record on test form. Retract ram
three-tenths inch. L o

2. Fill chamber and chamber pressurization tank.
Apply 5 PSI eonfining pressure to the specimen.

3. Adjust water level in saturation tanks to full
and set burette seale at a chosen quantity indication.

4. Position valving so that water is admitted into
the specimen from bottom to top, and drainage per-
mitted from top to exterior of chamber. Place end of
vent line in a one-gallon plastic jug.

5. Permit head pressare saturation uniil water
quantities into and out of the speeimen are equal.

Bleed, across both stones until water is free of bub-

bles. Close the vent line, and start back pressure sat-
uration, _

6. Back pressure saturation is used to foree the air
in the speeimen veids into solution. I% consists of
raising chamber pressure and saturation pressure in
10 PSI inevements. The- eonsecutive steps at each
pressure inerease are ag follows:

. . & Close all valves on panel which would per-.

mit flow of water from the specimen.
b. Note center pore pressure.
¢. Raise chamber pressure 10 PSI.
d. Recheck pore pressure.

. e Divide pore pressure increase from. initial
reading by quantity of increase made in chamber
pressure, and record in ‘B Parameter’ column of
Form HMR T-2145 (See PFigure VI of Test Method
No. Calif. 230). Example: Chamber pressure was
raised 10 PSI. Pore pressure increased 5 PSIL

T8 ="'B’’ parameter of 0.5.

f. Bet saturdtion pressure at 5 PSI below
chamber pressure, and apply to hoth ends of speei-
men. : .

g. The above sequence is followed until a *“B”’
parameter of at least 0.96 is attained. Back pressure
in excess of 100 psi will frequenily be required. In
cases where difficalty iz encountered in attaining
saturation, it will sometimes help to carefully bleed
across both stones to eliminate air pockets. Set valv-
ing so that pore pressure indicator is registering sat-
uration pressure, and control rate of bleeding so that
pressure drops no more than 1 P8I, '

7. When a ‘‘B’’ parameter of at least 0.96 has been
attained, the specimen shall next be consolidated at
the net confining pressure required for the test.

8. Close valving to isolate specimen from sptury-
tion pressure tank, .

9. Drain tank until one-third full and set scale to
zero, Readjust pressure to the last used saturation
Dpressure value.

10. Raise chamber pressure to an smount equal to
net confining pressure plus saturation pressure. Ex-
ample: Net desired confining pressure 100 PSI, Tast
used saturation pressure was 50 PSI. Total chamber
pressure 150 PSI.

11. Recheck *“‘B’’ parameter for a value of at least
0.96. Failure to attain this value will require redue-
tion of chamber pressure and a return to saturation

-45-
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procedure. If parameter is satisfactory, continue with
consolidation of specimen, :

12. 1t is desirable to use two operators during the
first few minutes of consolidation; one to time and
record consolidation output, the other to adjust and
maintain chamber and back pressures,

13. During consolidation pore -water within the
specimen is permitted to flow into the back pressure
tank by opening valves that permit drainage from
both ends, but not the eenter.

14, Consolidation is complete when center pore
pressure has egualized with back pressurs, and no
further rise is noted on tank seale. The specimen is
now ready to be sheared.- '

15. The rate of shear must be slow enough to per-
mit nearly equal pore pressure throughout the speci-
men. The degree of permeability will have been indi-

cated by the time lapse for equalization of center and

end pressures within the specimen during saturation
and consolidation. The standard rate of shear for
permeable material is 0.022 inch per minute for 241
minutes, and for a less permeable specimen, the rate
is reduced to 0.011 inch per minute for 482 minutes.
At the faster rate the operator must elosely observe
and compare the pressure between center and ends
of the specimen during the first two minutes of shear.
A difference of more than 2 PSI or an increasing dif-
ferential in pressure indicates an excessive strain rate,
which should be reduced to 0.011 inch per minute.

16. Start the ram, adjust to desired rate, and record
ram pressure at that rate and chamber pressure, Con-
tinue until contact is made with specimen. Stop ram,
record difference in height, and reset strain indicator
dial gage and tank burette to zero.

17. During shearing operation, record ram load,
pore pressure and chamber volume change. When spec-
imen permeability is such that pere pressure at ends
and center is more than 2 P8I in difference, record
each pressure separately on test form, Insure that
valving is positioned so that enly one point in the
specimen is indieated.

18. If strain rate was changed after recerding ini-
tial ram pressure reading, a eorrected reading must
be obtained after shear is completed. Retract the ram
until well clear of specimen, then advance at test
rate against chamber pressure used during test. Allow

ram pressure to stabilize, and record as corrected ini-
tial pressure.

F. Disassembly

1. Upon completion of shear, dismantle equipment
and remove specimen as described in Part IT.

PARY IV. CONSOLIDATED DRAINED TESY {CD)
Scope

In this type of test, the specimen is saturated, then
consolidated and sheared with drainage permitted
from the specimen,

A. Apparatus
1. Use the same apparatus as deseribed in Part I11.
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B. Test Record Forms
1. See Sedtion B of Part IIL

C. Preparation of Specimen
1. See Part 1.

D. Assembly of Apparatus
- 1. See Section D of Part ITL

B. Test Pro&edure
1. Use procedure in Part IIT, with the following
exeeptions, '

8. Upon completion of consolidation, the sﬁeei-
men is left open to drainage, Further volume change

Wiy fastio.com

during shear is recorded in ‘‘Spec. Vol.”’ change col-
umn of Test Form HMR T-2144-1, Figure VL

b. Strain rate must be slow enough to prevent
formation of pore pressure in excess of 2 PSI above
consolidation back pressure. In event soil characteris-
ties do not permit drainage at the slowest rate, center
pore pressure will be recorded.

F. Digagsembly
1. As deseribed in Part I1.
REFERENCES
A California Method
Test Methods Nos. Calif. 2168, 228 and 230

End of Text on Calif. 232-A
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